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Description
Technical Field

[0001] The presentinventionrelates to a vehicle steer-
ing apparatus according to the preamble of claim 1, as
known from US 2002/060105 A1.

Background Art

[0002] Electric power steering apparatus serving as
vehicle steering apparatus assist drivers in steering by
electric motors. More specifically, various types of sen-
sors and others detect the steering states of steering
members, for example, and control devices control elec-
tric motors based on the results of the detection of the
steering states so that steering assist forces are applied
to steering mechanisms.

[0003] On the other hand, it is proposed that a control
device is arranged between an electric motor and a speed
reduction mechanism in an axial direction of the electric
motor (see, e.g., Patent Document 1).

[0004] In an electric power steering apparatus in Pat-
ent Document 1, a common case is interposed between
a motor housing and a gear housing. A motor chamber
is defined between the case and the motor housing, and
a controlleraccommodation chamber is defined between
the case and the gear housing.

[0005] [Patent Document 1] JP 2000-190856 A

Disclosure of the Invention
Problems to be Solved by the Invention

[0006] In the electric power steering apparatus in Pat-
ent Document 1, a control device is attached along an
interior wall surface on the motor side within the controller
accommodation chamber. The electric motor usually
tends to have heat, and the control device is arranged
closer to the electric motor. Therefore, heat from a heat
generation element in the control device is not easily re-
leased outward.

Means for Solving the Problems

[0007] The presentinvention is directed to providing a
vehicle steering apparatus that is small in size and is
superior in heat radiation properties. The above object
is solved by the vehicle steering apparatus of claim 1.

[0008] Accordingtoan aspect of the presentinvention,
a vehicle steering apparatus includes a control device
that includes a heat generation element and controls the
driving of an electric motor, a control housing that parti-
tions an accommodation chamber that contains the con-
trol device, an adjacent housing that is opposite to the
electric motor with the control housing sandwiched ther-
ebetween and is adjacent to the control housing, and a
heat-conducting member, in which the heat-conducting
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member includes a proximity section in close proximity
to the heat generation element in the control device so
that heat can be conducted, and a connected section that
is connected to the adjacent housing so that heat can be
conducted.

[0009] According tothe aspect, heatfromthe heatgen-
eration element in the control device is radiated via the
heat-conducting member to not a housing that houses
the electric motor that generates heat but the adjacent
housing that is opposite to and adjacent to the electric
motor, thereby enabling heat radiation properties to be
significantly improved. Therefore, a heat sink, for exam-
ple, can be miniaturized, and thus the vehicle steering
apparatus is small in size and have superior heat radia-
tion properties.

[0010] A member having a high coefficient of thermal
conductivity, such as aluminum or copper, can be used
as the heat-conductingmember. When aluminum is used
as the heat-conducting member, the heat-conducting
member and the adjacent housing can be integrally
formed of a single material. A heat pipe, and a heat-con-
ducting structural material using a heat pipe (e.g., a heat
lane obtained by folding the heat pipe) can also be used
as the heat-conducting member.

[0011] The control housing may include first and sec-
ond interior wall surfaces that are opposite to each other
in an axial direction of a rotatable shaft in the electric
motor, the first and second interior wall surfaces may
partially partition the accommodation chamber, the first
interior wall surface may be arranged relatively closer to
the electric motor, and the second interior wall surface
may be arranged relatively farther from the electric motor,
the heat generation element in the control device may
be mounted on a power substrate attached to the second
interior wall surface so that heat can be conducted, and
the proximity section in the heat-conductingmember may
be connected to a heat sink connecting to the second
interior wall surface so that heat can be conducted
[0012] In this case, the power substrate on which the
heat generation element such as a switching element is
mounted is attached to the second interior wall surface
closer to the adjacent housing so that heat can be con-
ducted. Heat from the heat generation element can be
efficiently released to the adjacent housing via the power
substrate, the heat sink connecting to the second interior
wall surface, and the heat-conducting member, thereby
enabling heatradiation properties to be improved. There-
fore, the heat sink can be made as small as possible,
and thus the vehicle steering apparatus can be miniatur-
ized.

[0013] The vehicle steering apparatus further includes
a transmission mechanism that houses a transmission
mechanism for transmitting power of the electric motor
to a steering mechanism, in which the adjacent housing
includes a housing provided in the transmission mecha-
nism housing. The control device usually includes the
heat generation element such as a switching element
mounted on the power substrate. On the other hand, the
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transmission mechanism hardly generates heat. Heat
from the heat generation element can be effectively re-
leased from the interior of the accommodation chamber
to the outside via the housing that houses the transmis-
sion mechanism.

[0014] The transmission mechanism includes a driving
member and a driven member that is driven by the driving
member, the transmission mechanism housing includes
a cylindrical driven member housing that houses the driv-
en member, and the connected section in the heat-con-
ducting member is along an outer peripheral surface of
the driven member housing. If the cylindrical driven mem-
ber housing houses the driven member that becomes
larger in size than the driving member, a sufficient heat
radiation area can be ensured, thereby enabling heat ra-
diation properties to be significantly improved.

[0015] The vehicle steering apparatus may further in-
clude a steering state detecting sensor for detecting a
steering state, in which the adjacent housing may include
a sensor housing that houses the steering state detecting
sensor. In this case, heat from the heat generation ele-
ment such as a switching element can be effectively re-
leased from the interior of the accommodation chamber
to the outside via the sensor housing that houses the
steering state detecting sensor.

[0016] At least a part of the heat-conducting member
may be arranged between the control housing and the
adjacent housing because the length of a heat-conduct-
ing path can be reduced.

[0017] The control device may be arranged around a
central axis of the rotatable shaft in the electric motor or
an extension of the central axis. In this case, a space in
the accommodation chamber can be effectively used to
arrange the control device, and thus the vehicle steering
apparatus can be made smaller in size in the axial direc-
tion of the rotatable shaft in the electric motor.

[0018] The heat-conducting member may include a
member that extends in a predetermined length L toward
the adjacent housing from the control housing, and letting
A be the cross-sectional area of the member extending
in the predetermined length L, p be the coefficient of ther-
mal conductivity of the member extending in the prede-
termined length L, and B be the average loss of the heat
generation element, the following equation may hold:

(A?/L) < (1/p) - B

In this case, the cross-sectional area A of the accommo-
dation member extending in the predetermined length L
and the length L can be designed to optimum set values
at which sufficient heat conduction and heat radiation
can be exhibited.

Brief Description of the Drawings

[0019]
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[Fig. 11Fig. 1is aschematicviewillustrating the sche-
matic configuration of an electric power steering ap-
paratus serving as a vehicle steering apparatus ac-
cording to an embodiment of the present invention.
[Fig. 2] Fig. 2 is a schematic perspective view of a
steering assist mechanism.

[Fig. 3] Fig. 3 is a schematic perspective view of the
steering assist mechanism, as viewed from an angle
different from that illustrated in Fig. 2.

[Fig. 4] Fig. 4 is an illustrative sectional view of the
steering assist mechanism, cut in an axial direction
of an electric motor.

[Fig. 5] Fig. 5 is a schematic plan view of a power
substrate.

[Fig. 6] Fig. 6 is an enlarged view of a principal part
of Fig. 4.

[Fig. 7] Fig. 7 is a schemaitic side view of a principal
part of an electric power steering apparatus.

[Fig. 8] Fig. 8 is an illustrative sectional view of a
steering assist mechanism in an electric power steer-
ing apparatus serving as a vehicle steering appara-
tus according to another embodiment of the present
invention.

[Fig. 9] Fig. 9 is a schemaitic side view of a principal
part of an electric power steering apparatus serving
as a vehicle steering apparatus according to still an-
other embodiment of the present invention.

[Fig. 10]Fig. 10 is a schematic side view of a principal
part of an electric power steering apparatus serving
as a vehicle steering apparatus according to still an-
other embodiment of the present invention.

[Fig.11] Fig. 11 is a schematic side view of a principal
part of an electric power steering apparatus serving
as a vehicle steering apparatus according to still an-
other embodiment which is not covered by the
claims.

[Fig. 12] Fig. 12 is a schematic perspective view of
a heat-conducting member.

[Fig. 13]Fig. 13 is a schematic side view of a principal
part of an electric power steering apparatus serving
as a vehicle steering apparatus according to still an-
other embodiment which is not covered by the
claims.

[Fig. 14]Fig. 14 is a schematic side view of a principal
part of an electric power steering apparatus serving
as a vehicle steering apparatus according to still an-
other embodiment which is not covered by the
claims.

Description of Symbols

[0020] 1...electric power steering apparatus (vehicle
steering apparatus), 4...steering mechanism, 5...steer-
ing assist mechanism. 6...steering shaft, 11...torque sen-
sor (steering state detecting sensor), 12...ECU (control
device), 18...electric motor, 19 and 19A...speed reduc-
tion mechanism (transmission mechanism), 20...worm
shaft (driving member), 20A...driving member. 21...worm
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wheel (driven member), 21A...driving member, 22 and
22A...gear housing (housing that houses transmission
mechanism), 23...first housing, 24 and 24A...second
housing, 25...motor housing, 26...motor housing main
body, 27...driving gear housing (driving member housing,
adjacent housing), 28 and 280...driven gear housing
(driven member housing, adjacent housing), 281...end
surface, 282...outer peripheral surface, 35A...sensor
housing (housing that houses steering state detecting
sensor, adjacent housing), 37...rotatable shaft, 70...mo-
torchamber. 78...power substrate, 79...control substrate,
H...control housing. 100...accommodation chamber,
101...first interior wall surface, 102...second interior wall
surface, 96, 96A. 96B, 96C, 96D, and 96E...heat-con-
ducting member, 97...proximity section, 98, 98A, 98B,
98C, 98D, 98E...connected section, 123...heat sink,
C1...central axis (of rotatable shaft), C2...extension line,
C4...central axis (of driven member), X1...axial direction
(of rotatable shaft), A...cross-sectional area. B...average
loss, L...predetermined length.

Best Mode for Carrying Out the Invention

[0021] Referring to the drawings, embodiments of the
present invention will be specifically described.

[0022] Fig. 1 is a schematic view illustrating the sche-
matic configuration of an electric power steering appa-
ratus 1 serving as a vehicle steering apparatus according
to an embodiment of the present invention.

[0023] Referring to Fig. 1, the electric power steering
apparatus 1 includes a steering wheel 2 serving as a
steering member, a steering mechanism 4 for steering
steerable wheels 3 in synchronization with the rotation
of the steering wheel 2, and a steering assist mechanism
5 for assisting a driver in steering. The steering wheel 2
and the steering mechanism 4 are mechanically connect-
edtoeachotherviaa steering shaft 6 and an intermediate
shaft 7.

[0024] Although in the present embodiment, the steer-
ing assist mechanism 5 applies an assistforce (a steering
assist force) to the steering shaft 6. the present invention
can be applied to a configuration in which the steering
assist mechanism 5 applies a assist force to a pinion
shaft, described below, and a configuration in which the
steering assist mechanism 5 applies an assist force to a
rack shaft, described below.

[0025] The steering shaft6 linearly extends. The steer-
ing shaft 6 includes an input shaft 8 connected to the
steering wheel 2 and an output shaft 9 connected to an
intermediate shaft 7. The input shaft 8 and the output
shaft 9 are coaxially connected to each other relatively
rotatably via a torsion bar 10. More specifically, when a
steering torque having a predetermined value or more is
input to the steering wheel 2, the input shaft 8 and the
output shaft 9 rotate in the same direction while rotating
relative to each other.

[0026] A torque sensor 11 serving as a steering state
detecting sensor arranged around the steering shaft 6
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detects a steering torque input to the steering wheel 2
based on an amount of relative rotational displacement
of the input shaft 8 and the output shaft 9. The result of
the torque detection by the torque sensor 11 is input to
an electronic control unit (ECU) 12 serving as a control
device. The result of vehicle speed detection from a ve-
hicle speed sensor 90 is input to the ECU 12. The inter-
mediate shaft 7 connects the steering shaft 6 and the
steering mechanism 4 to each other. The steering mech-
anism 4 is composed of a rack-and-pinion mechanism
including a pinion shaft 13 and a rack shaft 14 serving
as a steered shaft. The steerable wheel 3 is connected
to each of ends of the rack shaft 14 via a tie rod 15 and
a knuckle arm (not illustrated).

[0027] The pinion shaft 13 is connected to the interme-
diate shaft 7. The pinion shaft 13 rotates together with
the steering of the steering wheel 2. A pinion 16 is pro-
vided at a tip end (a lower end in Fig. 1) of the pinion
shaft 13.

[0028] The rack shaft 14 linearly extends in aright-and-
left direction of an automobile. A rack 17. which meshes
with the pinion 16, is formed halfway in an axial direction
of the rack shaft 14. The pinion 16 and the rack 17 convert
the rotation of the pinion shaft 13 into the axial movement
of the rack shaft 14. The rack shaft 14 is moved in the
axial direction so that the steerable wheels 3 can be
steered.

[0029] When the steering wheel 2 is steered (rotated),
the rotation is transmitted to the pinion shaft 13 via the
steering shaft 6 and the intermediate shaft 7. The pinion
16 and the rack 17 convert the rotation of the pinion shaft
13 into the axial movement of the rack shaft 14. Thus,
the steerable wheels 3 are steered.

[0030] The steering assist mechanism includes an
electric motor 18 for steering assist and a speed reduction
mechanism 19 serving as a transmission mechanism for
transmitting an output torque of the electric motor 18 to
the steering mechanism 4. Examples of the speed re-
duction mechanism 19 include a skew gear mechanism
such as a worm gear mechanism and a parallel gear
mechanism. In the present embodiment, the worm gear
mechanism is used as the speed reduction mechanism
19. More specifically, the speed reduction mechanism
19 includes a worm shaft 20 serving as a driving gear (a
member that drives the transmission mechanism) and a
worm wheel 21 serving as a driven gear (a member that
is driven by the transmission mechanism), which meshes
with the worm shaft 20. The speed reduction mechanism
19 is housed in a gear housing 22 serving as a transmis-
sion mechanism housing.

[0031] The worm shaft 20 is connected to a rotatable
shaft (not illustrated) in the electric motor 18 via a joint
(not illustrated). The electronic motor 18 drives to rotate
the worm shaft 20. The worm wheel 21 is connected to
the steering shaft 6 together rotatably. The worm shaft
20 drives to rotate the worm wheel 21.

[0032] When the electric motor 18 drives to rotate the
worm shaft 20, the worm shaft 20 drives to rotate the
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worm wheel 21, and the worm wheel 21 and the steering
shaft 6 together rotate. The rotation of the steering shaft
6 is transmitted to the pinion shaft 13 via the intermediate
shaft 7. The rotation of the pinion shaft 13 is converted
into the axial movement of the rack shaft 14. Thus, the
steerable wheels 3 are steered. More specifically, the
electric motor 18 drives to rotate the worm shaft 20 so
that the steerable wheels 3 are steered.

[0033] The electric motor 18 is controlled by the ECU
12. The ECU 12 controls the electric motor 18 based on
the result of torque detection from the torque sensor 11,
the result of vehicle speed detection from the vehicle
speed sensor 90. and so on. More specifically, the ECU
12 carries out control to use a map storing for each vehicle
speed a relationship between a torque and a target assist
amount to determine the target assist amount and bring
an assist force generated by the electric motor 18 closer
to the target assist amount.

[0034] Figs. 2 and 3 are respectively schematic per-
spective views of the steering assist mechanism 5, as
viewed from different angles. The present embodiment
is mainly characterized in that a control housing H for
housing the above-mentioned ECU 12 serving as the
control device includes a first housing 23 and a second
housing 24, which contact each other (e.g.. a state where
their respective end surfaces abut on each other or a
state where theirrespective ends arefitted to each other),
as illustrated in Figs. 2 and 3.

[0035] More specifically, the first housing 23 and the
second housing 24, which constitute the control housing
H for housing the ECU 12, are in contact with each other.
More specifically, the first housing 23 and the second
housing 24 directly engage with each other, and no other
housing is interposed between both the housings 23 and
24. This results in significant miniaturization.

[0036] Each of the first housing 23 and the second
housing 24 is formed in a substantially square box shape
whose one end opens. The respective ends of the first
and second housings 23 and 24 abut on each other, and
are fastened to each other by a fixing screw 91.

[0037] On the other hand, a motor housing 25 in the
electric motor 18 includes a cylindrical motor housing
main body 26 and the above-mentioned first housing 23.
More specifically, the first housing 23 that is a part of the
control housing H for housing the ECU 12 is formed of a
single material integrally with at least a part of the motor
housing 25 in the electric motor 12. In other words, at
least a part of the motor housing 25 and a part of the
control housing H for housing the ECU 12 are combined
with each other.

[0038] The gear housing 22 includes a driving gear
housing 27 serving as a cylindrical driving member hous-
ing that houses the worm shaft 20. a driven gear housing
28 serving as a cylindrical driven member housing that
houses the worm wheel 21, and the above-mentioned
second housing 24. More specifically, the second hous-
ing 24 that is a part of the control housing H for housing
the ECU 12 is formed of a single material integrally with
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the driving gear housing 27 and the driven gear housing
28 in the gear housing 22. In other words, a part of the
gear housing 22 and a part of the control housing H for
housing the ECU 12 are combined with each other.
[0039] A cylindrical projection 93 is formed on the outer
periphery 92a of an outer peripheral wall 92 serving as
a sidewall of the first housing 23, and an electric connec-
tor 94 facing the outside of the first housing 23 is arranged
within the cylindrical projection 93. The electric connector
94 is provided with a terminal for supplying power from
a battery to the ECU 12 or a terminal for inputting and
outputting a signal from the exterior, which is not illus-
trated.

[0040] Referring to Fig. 4, which is a cross-sectional
view of a principal part of the electric power steering ap-
paratus 1, the worm wheel 21 serving as adriven member
of the speed reduction mechanism 19 (transmission
mechanism) and the electric connector 94 are arranged
on the same side of a plane Q1 including a central axis
C3 of the worm shaft 20 serving as a driving member of
the speed reduction mechanism 19 (transmission mech-
anism) and parallel to a central axis 21a of the worm
wheel 21. In this case, the electric connector 94 and the
driven gear housing 28 project toward the same side, as
viewed in an axial direction X1 of a rotatable shaft 37 in
the electric motor 18. This enables substantial miniatur-
ization and space saving, resulting in improvement in
properties for loading in a vehicle.

[0041] Referring to Fig. 3, the electric power steering
apparatus 1 is laid out so that at least respective parts
of the electric connector 94 and the driven gear housing
28 overlap each other, as viewed in the axial direction
X1 of the rotatable shaft 37, described below, in the elec-
tric motor 18. This enables substantial miniaturization
and space saving, resulting inimprovement in properties
for loading in the vehicle.

[0042] The electric power steering apparatus 1 is laid
out so that at least respective parts of the electric con-
nector 94 and a sensor housing 35 overlap each other,
as viewed in the axial direction X1 of the rotatable shaft
37. This enables substantial miniaturization and space
saving, resulting in improvement in properties for loading
in the vehicle.

[0043] The first housing 23 in the motor housing 25 is
formed of an aluminum alloy (e.g., a casting or a cold
forging), so that the steering assist mechanism 5 is made
lightweight. The gear housing 22 including the driving
gear housing 27, the driven gear housing 28, and the
second housing 24 is formed of an aluminum alloy (e.g..
acasting or a cold forging), for example, so that the steer-
ing assist mechanism 5 is made lightweight. A non-mag-
netic sheet metal, forexample, is used for the motor hous-
ing main body 26 in the motor housing 25.

[0044] The motor housing main body 26 includes a cy-
lindrical peripheral wall 29, a bottom wall 30 for closing
one end of the peripheral wall 29, and an annular flange
31 that protrudes radially outward from the other end of
the peripheral wall 29.
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[0045] A bracket 32 that protrudes radially outward
from a part in a circumferential direction of the annular
flange 31. A fixing screw 34 inserted through a screw
insertion hole 33 in the bracket 32 is screwed into a screw
hole in the first housing 23 so that the motor housing
main body 26 and the first housing 23 are integrally fixed
to each other. The screw insertion hole 33 is formed into
along hole extending in a circumferential direction of the
motor housing main body 26 so that a position in the
circumferential direction of the motor housing main body
26 can be adjusted for the first housing 23.

[0046] The first housing 23 and the second housing
24, which constitute the control housing H for housing
the ECU 12, are fixed to each other using a fixing screw
91.

[0047] A cylindrical sensor housing 35 that houses the
torque sensor 11 is connected to the driven gear housing
28 in the gear housing 22. The driven gear housing 28
and the sensor housing 35 are fixed to each other using
afixing screw 36. The steering shaft 6 is inserted through
the cylindrical driven gear housing 28 and the sensor
housing 35.

[0048] Referring to Fig. 4, the first housing 23 serving
as the motor housing 25 in the electric motor 18 and the
second housing 24 that contacts the first housing 23 con-
stitute an accommodation chamber 100 that accommo-
dates the ECU 12 serving as the control device. The re-
spective end surfaces of the first housing 23 and the sec-
ond housing 24 abut on each other, and an annular seal-
ing member 95 seals an area between the end surfaces.
[0049] The first housing 23 includes a first interior wall
surface 101 for partially partitioning the accommodation
chamber 100, and the second housing 24 includes a sec-
ond interior wall surface 102 for partially partitioning the
accommodation chamber 100. The first interior wall sur-
face 101 and the second interior wall surface 102 are
opposite to each other in the axial direction X1 of the
rotatable shaft 37 in the electric motor 18.

[0050] The second interior wall surface 102 in the sec-
ond housing 24 includes an annular plane, and the an-
nular plane is perpendicular to a central axis C1 of the
rotatable shaft 37 in the electric motor 18 or an extension
C2ofthe central axis C1 (usually matched with the central
axis C3 of the worm shaft 20) and surrounds the central
axis C1 or the extension C2. A flat seat section 103 that
projects toward the accommodation chamber 100 more
greatly than the annular plane is formed on the second
interior wall surface 102, and the bottom of the seat sec-
tion 103 is a thick-walled heat sink 123. A power substrate
78 is received by the seat section 103 in the second in-
terior wall surface 102 so that heat can be conducted. A
power circuit for driving the electric motor 18 is mounted
on the power substrate 78. The power circuit includes a
switching element such as a field effect transistor (FET)
serving as a heat generation element.

[0051] An extension surface P1 of the seat section 103
in the second interior wall surface 102 contacts, as illus-
trated in Fig. 4, or intersects a cylindrical surface P2
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formed of principal part of an outer peripheral surface
28a of the cylindrical driven gear housing 28 serving as
an adjacent housing that is adjacent to the control hous-
ing H.

[0052] The ECU 12 serving as the control device is
arranged around the central axis C1 of the rotatable shaft
37 or the extension C2.

[0053] The rotatable shaft 37 in the electric motor 18
and the worm shaft 20 arc coaxially arranged. The rotat-
able shaft 37 and the worm shaft 20 are coaxially con-
nected to each other so that power can be transmitted
via a joint 38 interposed therebetween. The joint 38 in-
cludes an annular input member 39 that rotates together
with the rotatable shaft 37 in the electric motor 18, an
annular output member 40 that rotates together with the
worm shaft 20, and an annular elastic member 41 inter-
posed between the input member 39 and the output
member 40 for connecting the input member 39 and the
output member 40 to each other so that power can be
transmitted.

[0054] The worm shaft 20 is housed in a driving gear
housing hole 42 in the driving gear housing 27 in the gear
housing 22. The worm shaft 20 has a first end 20a and
a second end 20b, and a worm 20c is formed in an inter-
mediate portion inthe axial direction of the worm shaft 20.
[0055] The first end 20a of the worm shaft 20 is rotat-
ably supported by a first bearing 45 held in a bearing
holding section 44 on the inner periphery at one end (an
end on the side of the electric motor 18) of the driving
gear housing hole 42. The second end 20b of the worm
shaft 20 is rotatably supported by a second bearing 47
held in abearing holding section 46 on the inner periphery
at the other end of the driving gear housing hole 42.
[0056] The first bearing 45 is composed of a rolling
bearing including an inner ring 48, an outer ring 49, and
a plurality of rolling elements 50 interposed between the
inner ring 48 and the outer ring 49. The inner ring 48 is
held in the first end 20a of the worm shaft 20 together
rotatably. One end surface of the inner ring 48 abuts on
a positioning step provided on the outer periphery of the
worm shaft 20. A small-diameter projection shaft 51 is
provided to extend at the first end 20a of the worm shaft
20. The output member 40 in the joint 38 is fitted in the
projection shaft 51 together rotatably and axially unmov-
ably. The output member 40 abuts on the other end sur-
face of the innerring 48. The inner ring 48 is sandwiched
between the positioning step in the worm shaft 20 and
the output member 40. Thus, the axial movement of the
inner ring 48 relative to the worm shaft 20 is regulated.
[0057] One end surface of the outer ring 49 is spaced
a predetermined distance apart from and is opposite to
a step adjacent to one side of the bearing holding section
44 in the driving gear housing hole 42. An annular fixing
member 52 is screwed into a screw section adjacent to
the other side or the bearing holding section 44 in the
driving gear housing hole 42. The fixing member 52
presses the other end surface of the outer ring 49. Thus,
the axial movement of the outer ring 49 is regulated. The
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fixing member 52 includes a cylindrical main body 52a
having a screw section formed on its outer periphery, an
inner flange 52b extending radially inward from one end
of the main body 52a, and an outer flange 52c extending
radially outward from the other end of the main body 52a.
The inner flange 52b presses the other end surface of
the outerring 49. The outer flange 52c is pressed against
the second interior wall surface 102 in the second hous-
ing 24 that partitions the accommodation chamber 100
that contains the ECU 12. This enables locking of the
fixing member 52.

[0058] A part of the joint 38 is housed in the cylindrical
main body 52ain the fixing member 52. Thus, the electric
power steering apparatus 1 is miniaturized in the axial
direction X1 of the rotatable shaft 37.

[0059] The second bearing 47 is composed of a rolling
bearing including an inner ring 53, an outer ring 54, and
a plurality of rolling elements 55 interposed between the
inner ring 53 and the outer ring 54. The inner ring 53 is
held in the second end 20b of the worm shaft 20 together
rotatably. One end surface of the inner ring 53 abuts on
a positioning step provided on the outer periphery of the
worm shaft 20. Thus, the axial movement of the inner
ring 53 relative to the worm shaft 20 (the movement to-
ward the first bearing 45) is regulated.

[0060] A screw section 56 is formed in an inlet of the
driving gear housing hole 42 that is adjacent to the bear-
ing holding section 46 in the driving gear housing hole
42, and a preload applying member 57 for collectively
applying a preload to the first and second bearings 45
and 47 is screwed into the screw section 56. The preload
applying member 57 has a disk-shaped main body 58,
and a screw section 59, which is screwed into the screw
section 56, is formed on the outer periphery of the main
body 58. An annular projection 60 for pressing one end
surface of the outer ring 54 in the second bearing 47 is
formed on one end surface of the main body 58.

[0061] A tool engagementhole 61, having a polygonal
shape in cross section, for example, which engages with
a tool for rotating the preload applying member 57 is
formed on the other end surface of the main body 58.
The preload applying member 57 is fixed by a lock nut
62, which is screwed into the screw section 59 in the
main body 58.

[0062] Both the first and second bearings 45 and 47
that respectively support the first and second ends 20a
and 20b of the worm shaft 20 are composed of a known
sealed bearing. More specifically, a sealing member 63
that seals an area between an inner ring and an outer
ring on both sides in the axial direction X1 of the rolling
element 50 is fixed to either one of the inner ring and the
outer ring. The seating member 63 has a lip that makes
sliding contact with the other ring.

[0063] Since the first and second bearings 45 and 47
that respectively support both ends of the worm shaft 20
are composed of a sealed bearing, a lubricant such as
grease within the gear housing 22 does not leak out to-
ward the accommodation chamber 100 that contains the
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ECU 12. In order to enhance sealing properties within
the accommodation chamber 100. a liquid packing may
be interposed between the screw section on the other
periphery of the main body 52a in the fixing member 52
and a screw section that is screwed thereinto, for exam-
ple.

[0064] In the present embodiment, a brushless motor
is used as the electric motor 18. The electric motor 18
includes the motor housing 25, and a rotor 64 and a stator
65 that are housed in the motor housing 25. The rotor 64
includes an annular rotor core 66 attached to the outer
periphery of the rotatable shaft 37 together rotatably, and
a rotor magnet 67 composed of an annular permanent
magnet, for example, attached to the outer periphery of
the rotor core 66 together rotatably. The rotor magnet 67
has a plurality of magnetic poles arranged in its circum-
ferential direction. The N and S poles are alternately
switched in the circumferential direction of the rotor 64.
[0065] The stator 65 is fixed to the inner periphery of
the motor housing main body 26 in the motor housing
25. The stator 65 includes a stator core 68 fixed to the
inner periphery of the motor housing main body 26 and
a plurality of coils 69. The stator core 68 includes an
annular yoke, and a plurality of teeth projecting radially
inward from the inner periphery of the yoke. The coils 69
are respectively wound around the corresponding teeth.
[0066] A bus bar 71 having an annular shape or a C
shape is housed within a motor chamber 70 that is de-
fined by the motor housing main body 26 in the motor
housing 25 and the first housing 23. The coils 69 respec-
tively wound around the teeth 69 are connected to the
bus bar 71. The bus bar 71 is a conductive connection
member used for a connection of each of the coils 69
and a current application line. The bus bar 71 functions
as a power distribution member for distributing power
from a power supply source (not illustrated) among the
coils 69.

[0067] A rotational position detection device 72 for de-
tecting the rotational position of the rotor 64 is housed
within the motor chamber 70 that is defined by the motor
housing main body 26 in the motor housing 25 and the
first housing 23. The rotational position detection device
72 includes a stator 73 fixed to the first housing 23 and
a rotor 74 attached to the rotatable shaft 37 together ro-
tatably. A resolver, for example, can be used as the ro-
tational position detection device 72. A Hall element can
also be used.

[0068] The rotational position detection device 72 may
be arranged between the rotor core 66 in the rotor 64 in
the electric motor 18 and the second housing 24. There-
fore, the rotational position detecting sensor 72 may be
arranged within the motor chamber 70. as in the present
embodiment, or may be arranged in a cylindrical section
89, described below, provided at the center of the first
housing 23 that defines the accommodation chamber
100 that contains the ECU 12. Referring to Fig. 4, the
rotatable shaft 37 is rotatably supported by a third bearing
75 and a fourth bearing 76 that are held by the first hous-
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ing 23 shared by a part of the motor housing 25 and a
part of the control housing H for housing the ECU 12.
The third and fourth bearings 75 and 76 are composed
of a seated bearing having the same configuration as
that of the first and second bearings 45 and 47.

[0069] The first housing 23 that is a part of the control
housing H that partitions the accommodation chamber
100 that contains the ECU 12 includes as a bottom wall
a partition wall 77 that separates the accommodation
chamber 100 and the motor chamber 70. The partition
wall 77 is provided with the first interior wall surface 101.
A cylindrical projection 104 extends toward the motor
housing main body 26 from the vicinity of the outer pe-
riphery of the partition wall 77, and one end of the motor
housing main body 26 is fitted in the outer periphery of
the cylindrical projection 104.

[0070] The partition wall 77 has a holding hole 105 for
holding an outer ring in the third bearing 75. A cylindrical
projection 106 extending toward the motor housing main
body 26 from the partition wall 77 is formed coaxially with
the holding hole 105. The cylindrical projection 106 has
a smaller diameter than that of the cylindrical projection
104 that engages with the motor housing main body 26.
The stator 73 in the rotational position detection device
72 is fixed to the inner periphery of the cylindrical projec-
tion 106.

[0071] The cylindrical section 89 extending toward the
second housing 24 from the partition wall 77 is formed
coaxially with the holding hole 105. An outer ring in the
fourth bearing 76 is held in the inner periphery of the
cylindrical section 89. An annular flange 107 extending
radially inward is provided to extend at one end of the
cylindrical section 89. One end of the outer ring in the
fourth bearing 76 abuts on the annular flange 107 so that
the axial movement of the outer ring in the fourth bearing
76 relative to the cylindrical section 89 is regulated.
[0072] On the other hand, an inner ring in the fourth
bearing 76 is sandwiched between an annular positioning
step formed on the outer periphery of the rotatable shaft
37 and an end surface of the input member 39 in the joint
38 so that the axial movement of the inner ring in the
fourth bearing 76 relative to the rotatable shaft 37 is reg-
ulated.

[0073] A power substrate 78 and a control substrate
79 that constitute a part of the ECU 12 are housed and
held in the accommodation chamber 100. At least a part
of apower circuit for driving the electric motor 18 is mount-
ed on the power substrate 78. A switching element such
as a field effect transistor (FET) serving as a heat gen-
eration element is mounted. The bus bar 71 connected
to each of the coils 69 is connected to the power substrate
78 via n bus bar terminal 80 inserted through the partition
wall 77 in the first housing 23 and entering the accom-
modation chamber 100.

[0074] The rotational position detection device 72 is
connected to the control substrate 79 via a bus bar ter-
minal 81 inserted through the partition wall 77 in the first
housing 23 and entering the accommodation chamber
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100.

[0075] The input member 39 in the joint 38 includes a
cylindrical section 39a that is fitted in an end of the rotat-
able shaft 37 in the electric motor 18 together rotatably.
The control substrate 79 is arranged around the cylindri-
cal section 39ain the inputmember 39. More specifically,
the cylindrical section 39a is inserted through aninsertion
hole 79a at the center of the control substrate 79.
[0076] The control substrate 79 is arranged between
the first interior wall surface 101 in the first housing 23
and the power substrate 78 in the axial direction X1 of
the rotatable shaft 37 in the electric motor 18. The power
substrate 78 and the control substrate 79 are spaced a
predetermined distance apart from each otherin the axial
direction X1 of the rotatable shaft 37 in the electric motor
18.

[0077] Within the accommodation chamber 100, a
housing space S1 formed between the partition wall 77
in the first housing 23 and the control substrate 79 has
a sufficient heightin the axial direction X1 of the rotatable
shaft 37 in the electric motor 18. The housing space S1
houses tall components such as a capacitor and a relay,
which is not illustrated in Fig. 4. so that a space in the
accommodation chamber 100 is effectively used.
[0078] Referringto Fig. 5, a power circuit 82 for driving
the electric motor 18 is mounted on the power substrate
78. The power circuit 82 mounted on the power substrate
78 includes a plurality of field effect transistors (FETSs)
83 serving as heat generation elements. The power sub-
strate 78 is composed of a multilayer substrate having a
circuit mounted on its one surface. The power substrate
78 composed of the multilayer substrate includes a highly
heat-conducting plate 78a composed of an aluminum
plate, forexample, in surface contact with the seat section
103 connecting to the heat sink 123, as illustrated in Fig.
6.

[0079] A control circuit (not illustrated) for controlling
the power circuit 82 is mounted on the control substrate
79. The control circuit includes a driver for controlling
each of the FETs 83 in the power circuit 82 and a central
processing unit (CPU) for controlling the driver. The ECU
12 includes other non-heat generation elements such as
a plurality of capacitors for removing a ripple of a current
flowing through the electric motor 18 and a relay for cut-
ting off a current flowing through the electric motor 18,
as needed, which is not illustrated. The capacitors, the
relay, and so on serving as the non-heat generation el-
ements constitute a sub-assembly supported by an an-
nular holder made of synthetic resin (notillustrated), and
are collectively attached to the first housing 23.

[0080] The first housing 23 is a member in a substan-
tially square box shape whose one end opens. More spe-
cifically, the first housing 23 includes a main body 87
having a substantially square box shape whose one end
opens. The main body 87 includes an outer peripheral
wall 92 having a substantially square annular shape, and
the partition wall 77 serving as the bottom wall. Within
the accommodation chamber 100, the cylindrical section
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89 extending toward the opening side of the main body
87 (the side of the second housing 24) is formed at the
center of the partition wall 77. The outer peripheral wall
92 extends from an outer peripheral edge of the partition
wall 77, to surround the cylindrical section 89. The main
body 87 and the cylindrical section 89 are integrally
formed of a single member.

[0081] Referring to Fig. 7 thatis a schematic side view,
a driving gear housing 27 and a driven gear housing 28,
which serve as adjacent housings, are opposite to the
electric motor 18 with the control housing H sandwiched
therebetween. More specifically, the driving gear housing
27 and the driven gear housing 28, which serve as ad-
jacent housings, are adjacent to and opposite to the elec-
tric motor 18 with respect to the control housing H. A
heal-conducting member 96 is provided between the
driven gear housing 28 serving as the adjacent housing
and the control housing H.

[0082] The heat-conducting member 96 includes a
proximity section 97 in close proximity to the power sub-
strate 78 having the FET 83 serving as the heat gener-
ation element mounted thereon so that heat can be con-
ducted, a connected section 98 that is connected to the
driven gear housing 28 serving as the adjacent housing
so that heat can be conducted, and a connected section
99 that is connected to the driving gear housing 27 serv-
ing as the adjacent housing so that heat can be conduct-
ed.

[0083] A member having a high coefficient of thermal
conductivity, such as aluminum or copper, is used as the
heat-conducting member 96. When aluminum is used as
the heat-conducting member 96, the heat-conducting
member 96 and the driven gear housing 28 serving as
the adjacent housing can be integrally formed of a single
material. In this case, a connection portion between the
second housing 24 in the control housing Hand the driven
gear housing 28 is a thick-walled portion, and the thick-
walled portion forms the heat-conducting member 96.
[0084] A heat pipe, and a heat-conducting structural
material using a heat pipe (e.g., a heat lane obtained by
folding the heat pipe) can also be used as the heat-con-
ducting member 96. The heat-conducting member 96
can have the connected section 99 that is connected to
the driving gear housing 27 serving as the adjacent hous-
ing so that heat can be conducted, as illustrated in Fig. 7.
[0085] The seat section 103 in the second interior wall
surface 102 contacts the power substrate 78 having the
FET 83 serving as the heat generation element so that
heat can be conducted, as described above. Therefore,
heat generated by the FET 83 serving as the heat gen-
eration element is released toward the driven gear hous-
ing 28 or the driving gear housing 27 serving as the ad-
jacent housings from the power substrate 78 via the heat
sink 123 and the heat-conducting member 96.

[0086] According to the present embodiment, the first
housing 23 serving as at least a part of the motor housing
25 and the second housing 24 that contacts the first hous-
ing 23 constitute the control housing H, to form the ac-
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commodation chamber 100 that contains the ECU 12.
More specifically, no otherhousing is interposed between
the first housing 23 and the second housing 24, to
achieve miniaturization.

[0087] The heat from the FET 83 serving as the heat
generation elementin the ECU 12is radiated viathe heat-
conducting member 96 to not the motor housing 25 in
the electric motor 18 that tends to generate heat but the
driven gear housing 28 serving as the adjacent housing
that is adjacent to and opposite to the electric motor 18.
thereby enabling heat radiation properties to be signifi-
cantly improved. Therefore, the heat sink 123 can be
miniaturized, and thus the electric power steering appa-
ratus 1 can be made small in size and can have superior
heat radiation properties.

[0088] The second interior wall surface 102 in the sec-
ond housing 24 that partially partitions the accommoda-
tion chamber 100 includes the annular plane that is per-
pendicular to the central axis C1 of the rotatable shaft 37
in the electric motor 18 (or the extension C2 of the central
axis C1) and surrounds the central axis C1 (or the exten-
sion C2). The heat sink 123 can be miniaturized, as de-
scribed above. Therefore, the amount of projection of the
flat seat section 103 provided to project from the annular
plane to form the heat sink 123 into the accommodation
chamber 100 is very small. More specifically, there is no
unnecessary protrusion into the accommodation cham-
ber 100 in the axial direction X1 of the rotatable shaft 37
in the electric motor 18. Even if the accommodation
chamber 100 is small in size in the axial direction X1, a
sufficient inner volume can be ensured as the accommo-
dation chamber 100. As a result, the electric power steer-
ing apparatus 1 can be made as small in size as possible.
[0089] The electric power steering apparatus 1 has the
following advantages because the second housing 24 is
the gear housing 22 that houses the speed reduction
mechanism 19 serving as the transmission mechanism
for transmitting power of the electric motor 18 to the steer-
ing mechanism 4. More specifically, the ECU 12 usually
includes the heat generation element such as the switch-
ing element (FET 83) mounted on the power substrate
78 asin the present embodiment. On the other hand, the
speed reduction mechanism 19 hardly generates heat.
The heat from the heat generation element can be effec-
tively released from the interior of the accommodation
chamber 100 to the outside via the gear housing 22 that
houses the speed reduction mechanism 19.

[0090] Anextensionsurface P1 of the seat section 103
that projects from the annular plane included in the sec-
ond interior wall surface 102 contacts, as illustrated in
Fig. 4, or intersects the cylindrical surface P2 formed of
a principal part of the outer peripheral surface 28a of the
driven gear housing 28 serving as a cylindrical section
surrounding a shaft for transmitting a steering force (cor-
responding to the steering shaft 6 in the present embod-
iment). Therefore, the accommodation chamber 100 is
arranged sufficiently closer to the steering shaft 6 in the
axial direction X1 of the rotatable shaft 37 in the electric
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motor 18. Therefore, the electric power steering appara-
tus 1 can be made more smaller in size in the axial di-
rection X1 of the rotatable shaft 37.

[0091] The shaft for transmitting the steering force is
not limited to the above-mentioned steering shaft 6. It
may be the pinion shaft 13 or the rack shaft 14 in the
rack-and-pinion mechanism serving as the steering
mechanism 4. In the former case, a cylindrical surface
formed of a principal part of an outer peripheral surface
of a cylindrical pinion housing (not illustrated) surround-
ing the pinion shaft 13 and the extension surface P1 in-
tersect or contact each other. In the latter case, a cylin-
drical surface formed of a principal part of an outer pe-
ripheral surface of a cylindrical rack housing (not illus-
trated) surrounding the rack shaft 14 and the extension
surface P1 intersect or contact each other.

[0092] The ECU 12 serving as the control device is
arranged around the central axis C1 of the rotatable shaft
37 in the electric motor 18 or the extension C2 of the
central axis C1. Therefore, the inner space of the accom-
modation chamber 100 can be effectively used to arrange
the ECU 12, and thus the electric power steering appa-
ratus 1 can be made smaller in size in the axial direction
X1 of the rotatable shaft 37.

[0093] Although in the above-mentioned embodiment,
the second housing 24 and the gear housing 22 are com-
bined with each other, the present invention is not limited
to the same. As illustrated in Fig. 8, a second housing
24A and a sensor housing 35A may be combined with
each other. More specifically, the second housing 24A
is formed of a single material integrally with the sensor
housing 35A. In this case, heat from a heat generation
element such as an FET 83 can be effectively released
from the interior of an accommodation chamber 100 to
the outside via the sensor housing 35A serving as an
adjacent housing that houses a torque sensor 11 serving
as a steering state detecting sensor. In Fig. 8, the same
components as those illustrated in Fig. 4 are respectively
assigned the same reference numerals.

[0094] A housing that houses a steering angle sensor
serving as a steering state detecting sensor for detecting
the steering angle of a steering wheel 2 and the second
housing 24A may be combined with each other, which is
not illustrated.

[0095] If a heat-conducting member 96A includes a
connected section 98A that extends along a part of an
outer peripheral surface 28a of a driven gear housing 28
serving as an adjacent housing, as illustrated in Fig. 9,
a wide area of heat conduction can be ensured, thereby
enabling heat radiation properties to be further en-
hanced. Particularly if a heat-conducting member 96B
includes a connected section 98B that extends along the
substantially whole periphery of an outer peripheral sur-
face 28a of a driven gear housing 28 serving as an ad-
jacent housing, as illustrated in Fig. 10. heat conduction
properties and heat radiation properties can be further
enhanced.

[0096] Inan embodimentillustratedin Fig. 11, a speed
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reduction mechanism 19A serving as a transmission
mechanism includes a driving member 20A and a driven
member 21A, and the driven member 21A is not a worm
wheel but a helical gear having a central axis C4 parallel
to an axial direction X1 of a rotatable shaft 37 in an electric
motor 18. In this case, a driven gear housing 280 in a
gear housing 22A is a cylindrical housing centered
around the central axis C4 of the driven member 21A.
[0097] A proximity section 97 in a heat-conducting
member 96C is in close proximity to a heat sink 123, and
aconnected section 98C in the heat-conducting member
96C is connected to an end surface 281 of the driven
gear housing 280 serving as an adjacent housing so that
heat can be conducted. The heat-conducting member
96C extends in a predetermined length L (m) toward the
driven gear housing 280 serving as the adjacent housing
from a second housing 24 in a control housing H, i.e., in
adirection parallel to the axial direction X1 of the rotatable
shaft 37 in the electric motor 18 and has a uniform cross-
sectional area A (m2) (see Fig. 12).

[0098] Letting p (W/mK) be the coefficient of thermal
conductivity of the heat-conducting member 96C and B
(W/10°C) be the average loss of a heat generation ele-
ment, the following equation (1) holds:

(ALY < (1/p) - B (1)

[0099] In this case the cross-sectional area A and the
length L of the heat-conducting member 96C can be de-
signed to optimum set values at which sufficient heat
conduction and heat radiation can be exhibited.

[0100] Ifaconnected section 98D in a heat-conducting
member 96D extends allong a part of an end surface 281
of adriven gearhousing 280 serving as an adjacenthous-
ing, as illustrated in Fig. 13. a wide area of heat conduc-
tion can be ensured, thereby enabling heat radiation
properties to be further enhanced. Particularly if a heat-
conducting member 96E includes a connected section
98D along a part of an end surface 281 of a driven gear
housing 280 serving as an adjacent housing and a con-
nected section 98E extending along the substantially
whole periphery of an outer peripheral surface 282 of the
driven gear housing 280 serving as an adjacent housing,
as illustrated in Fig. 14, heat conduction properties and
heat radiation properties can be further enhanced.
[0101] The present invention is not limited to the con-
tents of the above-mentioned embodiments. Various
changes can be made. Although in the above-mentioned
embodiments, the presentinvention is applied to an elec-
tric power steering apparatus of a so-called column assist
type, the present invention is not limited to the same. For
example, the presentinvention may he applied to an elec-
tric power steering apparatus of a so-called pinion assist
type or an electric power steering apparatus of a so-called
rack assist type.

[0102] Although in the above-mentioned embodi-
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ments, the present invention is applied to the electric
power steering apparatus for outputting power of the
electric motor as the steering assist force, the present
invention is not limited to the same. For example, the
present invention may be applied to a vehicle steering
apparatus of a transmission ratio variable type including
a transmission ratio variable mechanism capable of
changing the ratio of the steering angle of a steerable
wheel to the steering angle of a steering member and
using an output of an electric motor to drive the trans-
mission ratio variable mechanism, and a vehicle steering
apparatus of a steer-by-wire type in which mechanical
connection between a steering member and a steerable
wheel is released to steer the steerable wheel at an out-
put of an electric motor.

[0103] At least a part of the power substrate 78 and
the control substrate 79 in the ECU 12 may be molded
of resin.

[0104] Although in the above-mentioned embodi-
ments, a blushless motor is used as the electric motor
18, the present invention is not limited to the same. A
motor other than the blushless motor may be used as
the electric motor 18.

[0105] Whilethe invention has been described in detail
with respect to specific embodiments thereof, it will be
appreciated that those skilled in the art, upon attaining
an understanding of the foregoing, may readily conceive
of alternations to, variations of, and equivalents to these
embodiments. Accordingly, the scope of the present in-
vention should be assessed as that of the appended
claims.

[0106] This application claims priority from Japanese
Patent Application No. 2008-31109 filed with the Japa-
nese Patent Office on February 12. 2008.

Claims
1. A vehicle steering apparatus (1) comprising:

a control device (12) that includes a heat gen-
eration element (83) and controls the driving of
an electric motor (18);

a control housing (H) that partitions an accom-
modation chamber (100) that accommodates
the control device (12);

anadjacenthousing (27,18;35A) thatis opposite
to the electric motor (18) with the control housing
(H) sandwiched therebetween, and is adjacent
to the control housing (H), wherein the adjacent
housing (27, 28; 35A) includes a driving gear
housing (27) and a driven gear housing (28),
wherein the control housing (H) is disposed be-
tween the electric motor (18) and the driving
gear housing (27) in an axial direction (X1) of a
rotatable shaft (37) of the electric motor, and
wherein the driven gear housing (28) is disposed
perpendicular to the axial direction (X1) of the
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rotatable shaft (37) with respect to the driving
gear housing (27);

a transmission mechanism housing (22) that
houses a transmission mechanism (19) for
transmitting power of the electric motor (18) to
a steering mechanism (4), wherein the adjacent
housing (27, 18; 35A) includes a housing (27,
28) provided in the transmission mechanism
housing (22); the transmission mechanism (19)
includes a driving member (20) and a driven
member (21) that is driven by the driving mem-
ber (20), the transmission mechanism housing
(22) includes a cylindrical driven member hous-
ing (28) thathouses the driven member (21); and
a heat-conducting member (96; 96A; 96B),
wherein the heat-conducting member (96; 96A;
96B) includes a heat-conducting proximity sec-
tion (97) in close proximity to the heat generation
element (83) in the control device (12) and a first
heat-conducting connected section (99) that is
connected to the driving gear housing (27) of
the adjacent housing;

characterized in that

the heat-conducting member (96) includes a
second heat-conducting connected section (98;
98A; 98B) that is connected to the driven gear
housing (28) of the adjacent housing, such that
the second heat-conducting connected section
(98; 98A,; 98B) in the heat-conducting member
(96; 96A; 96B) is along an outer peripheral sur-
face (28a) of the cylindrical driven member
housing (28).

The vehicle steering apparatus (1) according to claim
1, wherein

the control housing (H) includes first and second in-
terior wall surfaces (101, 102) that are opposite to
each other in an axial direction (XI) of a rotatable
shaft (37) in the electric motor (18),

the first and second interior wall (101, 102) surfaces
partially partition the accommodation chamber
(100),

the first interior wall surface (101) is arranged rela-
tively closerto the electric motor (18), and the second
interior wall surface (102) is arranged relatively far-
ther from the electric motor (18),

the heat generation element (83) in the control de-
vice (12) is mounted on a power substrate (78) at-
tached to the second interior wall surface (102) so
that heat can be conducted, and

the proximity section (97) in the heat-conducting
member (96; 96A; 96B) is connected to a heat sink
(123) connecting to the second interior wall surface
(102) so that heat can be conducted

The vehicle steering apparatus (1) according to claim
1 or 2, further comprising
a steering state detecting sensor (11) for detecting
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a steering state,

wherein the adjacent housing (27, 28; 35A) includes
a sensor housing (35A) that houses the steering
state detecting sensor (11).

The vehicle steering apparatus (1) according to claim
3, wherein

apart (24A) of the control housing (H) and the sensor
housing (35A) are integrally formed of a single ma-
terial.

The vehicle steering apparatus (1) according to any
one of claims 1 to 4, wherein

at least a part of the heat-conducting member (96;
96A; 96B) is arranged between the control housing
(H) and the adjacent housing (27, 28; 35A).

The vehicle steering apparatus (1) according to any
one of claims 1 to 5, wherein

the control device (12) is arranged around a central
axis (Cl) of the rotatable shaft (37) in the electric
motor (18) or an extension (C2) of the central axis
(Ch.

The vehicle steering apparatus (1) according to any
one of claims 1 to 6, wherein

the heat-conducting member (96; 96A; 96B) in-
cludes a member that extends in a predetermined
length L toward the adjacent housing (27, 28; 35A)
from the control housing (H), and

letting A be the cross-sectional area of the member
extending in the predetermined length L, p be the
coefficient of thermal conductivity of the member ex-
tending in the predetermined length L, and B be the
average loss of the heat generation element, the fol-
lowing equation holds:

(AZIL) < (1/p) * B

The vehicle steering apparatus (1) according to claim
1, wherein

the control housing (H) includes first and second in-
terior wall surfaces (101, 102) which partially parti-
tion the accommodation chamber (100), wherein the
second interior wall surface (102) is arranged rela-
tively farther from the electric motor (18) than the
first interior wall surface (101),

a seat section (103) being formed on the second
interior wall surface (102),

a substrate (78) being received by the seat section
(103),

the heat generation element (83) being mounted on
the substrate (78), and

an extension surface (P1) of the seat section (103)
contacting or intersecting a cylindrical surface (P2)
formed of a principle part of an outer peripheral sur-
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face (28a) of the driven gear housing (28).

Patentanspriiche

1.

Fahrzeuglenkvorrichtung (1), die aufweist:

eine Steuervorrichtung (12), die ein Element
(83) zur Warmeerzeugung aufweist und die den
Betrieb eines elektrischen Motors (18) steuert;
ein Steuergehause (H), das eine Aufnahme-
kammer (100) unterteilt, die die Steuervorrich-
tung (12) aufnimmt;

ein an dem elektrischen Motor (18) gegentber-
liegendes Nachbargehause (27,18;35A), wobei
das Steuergehduse (H) dazwischen sandwich-
artig angeordnet ist, wobei das Nachbargeh&u-
se (27, 28; 35A) benachbart zu dem Steuerge-
hause (H) ist, wobei das Nachbargehause (27,
28; 35A) ein Gehause (27) fir ein antreibendes
Zahnrad und ein Gehéause (28) firr ein angetrie-
benes Zahnrad aufweist, wobei das Steuerge-
hause (H) in einer axialen Richtung (X1) einer
drehbaren Welle (37) des elektrischen Motors
(18) zwischen dem elektrischen Motor (18) und
dem Gehause (28) fir das angetriebene Zahn-
rad angeordnetist, und wobei das Gehause (28)
fir das angetriebene Zahnrad im rechten Winkel
zu der axialen Richtung (X1) der drehbaren Wel-
le in Bezug auf das Gehause (27) fir das antrei-
bende Zahnrad angeordnet ist;

ein Gehéuse fiir einen Ubertragungsmechanis-
mus (22), das einen Ubertragungsmechanis-
mus (19) aufnimmt, der Leistung des elektri-
schen Motors (18) an einen Lenkmechanismus
(4) Ubertragt, wobei das Nachbargehause (27,
18; 35A) ein Gehause (27, 28) aufweist, das in
dem Gehéuse fiir den Ubertragungsmechanis-
mus (22) bereitgestellt ist; wobei der Ubertra-
gungsmechanismus (19) ein antreibendes Ele-
ment (20) und ein angetriebenes Element (21)
aufweist, das von dem antreibenden Element
(20) angetrieben ist, wobei das Gehause fiirden
Ubertragungsmechanismus (22) ein zylindri-
sches Gehduse (28) flir das angetriebene Ele-
ment aufweist, das das angetriebene Element
(21) aufnimmt; und

ein Warmeleitelement (96; 96A; 96B), wobei das
Warmeleitelement (96; 96A; 96B) in enger Nahe
zu dem Element (83) zur Warmeerzeugung in
der Steuervorrichtung (12) einen Nah-Warme-
leitbereich (97) und einen ersten warmeleiten-
den verbundenen Abschnitt (99) aufweist, der
mitdem Gehause flir das angetriebene Zahnrad
(27) des Nachbargehauses verbunden ist; da-
durch gekennzeichnet, dass

das Warmeleitelement (96) einen zweiten war-
meleitenden verbundenen Abschnitt (98; 98A;
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98B) aufweist, der mit dem Gehause (28) fir
das angetriebenen Zahnrad des Nachbarge-
hauses verbunden ist, und zwar so, dass der
zweite warmeleitende verbundene Abschnitt
(98; 98A; 98B) in dem Warmeleitelement ent-
lang einer &uReren peripheren Oberflache (28a)
des zylindrischen Gehéauses (28) fiir das ange-
triebene Element verlauft.

Fahrzeuglenkvorrichtung (1) nach Anspruch 1, wo-
bei das Steuergehause (H) eine erste und eine zwei-
te Innenwandoberflache (901, 102) aufweist, die ein-
ander in einer axialen Richtung (XI) einer drehbaren
Welle (37) in dem elektrischen Motor (18) gegeni-
berliegen,

die erste und die zweite Innenwandoberflache (101,
102) die Aufnahmekammer (100) teilweise untertei-
len,

die erste Innenwandoberflache (101) relativ naher
an dem elektrischen Motor (18) angeordnet ist und
die zweite Innenwandoberflache (102) relativ ent-
fernter von dem elektrischen Motor (18) angeordnet
ist,

das Element (83) zur Warmezeugung in der Steuer-
vorrichtung (12) an einem Leistungssubstrat (78)
montiert ist, das an der zweiten Innenwandoberfla-
che (102) angebracht ist, so dass Warme geleitet
werden kann, und

der Nah-Bereich (97) in dem Warmeleitelement (96;
96A; 96B) mit einer Warmesenke (123) verbunden
ist, die mit der zweiten Innenwandoberflache (102)
verbundenist, so dass Warme geleitet werden kann.

Fahrzeuglenkvorrichtung (1) nach Anspruch 1 oder
2, weiter mit einem Lenkzustandserfassungssensor
(11), um einen Lenkzustand zu erfassen, wobei das
Nachbargehause (27, 28; 35A) ein Sensorgehause
(35A) aufweist, das den Lenkzustandserfassungs-
sensor (11) aufnimmt.

Fahrzeuglenkvorrichtung (1) nach Anspruch 3, wo-
bei

ein Abschnitt (24A) des Steuergehduses (H) und das
Sensorgehause (35A) einstiickig aus einem einzel-
nen Material ausgebildet sind.

Fahrzeuglenkvorrichtung (1) nach einem der An-
spriiche 1 bis 4, wobei wenigstens ein Abschnitt des
Warmeleitelements (96; 96A; 96B) zwischen dem
Steuergehduse (H) und dem Nachbargehause (27,
28; 35A) angeordnet ist.

Fahrzeuglenkvorrichtung (1) nach einem der An-
spriiche 1 bis 5, wobei

die Steuervorrichtung (12) um eine Zentralachse
(C1) der drehbaren Welle (37) des elektrischen Mo-
tors (18) oder um eine Verlangerung (C2) der Zen-
tralachse (Cl) herum angeordnet ist.
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Fahrzeuglenkvorrichtung (1) nach einem der An-
spriiche 1 bis 6, wobei das Warmeleitelement (96;
96A; 96B) ein Element aufweist, das sich in einer
vorbestimmten Lange L von dem Steuergehause (H)
zu dem Nachbargehause (27, 28; 35A) erstreckt,
und wobei

A die Querschnittsflache des sich in einer vorbe-
stimmten Lange L erstreckenden Elements sei, p der
Warmeleitkoeffizient des sich in einer vorbestimm-
ten Lange L erstreckenden Elements sei und B der
mittlere Verlust des Elements zur Warmeerzeugung
sei, und die folgende Gleichung gilt:

(AY/L) < (1/p) * B

Fahrzeuglenkvorrichtung (1) nach Anspruch 1, wo-
bei

das Steuergehause (H) eine erste und eine zweite
Innenwandoberflache (101, 102) aufweist, die die
Aufnahmekammer (100) teilweise unterteilen, wobei
die zweite Innenwandoberflache (102) relativ ent-
fernter von dem elektrischen Motor (18) angeordnet
ist als die erste Innenwandoberflache (101),

ein Sitzbereich (103) an der Innenwandoberflache
(102) der zweiten Innenwand gebildet ist,

ein Substrat (78) von dem Sitzbereich (103) aufge-
nommen ist,

das Element (83) zur Warmezeugung an dem Sub-
strat (78) angebracht ist, und

eine Erweiterungsoberflache (P1) des Sitzbereichs
(103) eine zylindrische Oberflache (P2) kontaktiert
oder schneidet, die aus einem Hauptteil einer aulde-
ren peripheren Oberflache (28a) des Gehauses (28)
fir das angetriebene Zahnrad gebildet ist.

Revendications

Appareil de direction de véhicule (1) comprenant :

un dispositif de commande (12) qui comprend
un élément de génération de chaleur (83) et
commande I'entrainement d’'un moteur électri-
que (18) ;

un boitier de commande (H) qui délimite un com-
partiment de logement (100) qui renferme le dis-
positif de commande (12) ;

un boitier adjacent (27, 28 ; 35A) qui est face au
moteur électrique (18), le boitier de commande
(H) étant intercalé entre ceux-ci, et qui est ad-
jacent au boitier de commande (H), le boitier
adjacent (27, 28 ; 35A) comprenant un boitier
de piece d’engrenage d’entrainement (27) et un
boitier de piéce d’engrenage entrainée (28), le
boitier de commande (H) étant disposé entre le
moteur électrique (18) et le boitier de piece d’en-
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grenage d’entrainement (27) dans une direction
axiale (X1) d’'un arbre rotatif (37) du moteur élec-
trique, et le boitier de piece d’engrenage entrai-
née (28) étant disposé de fagon perpendiculaire
a la direction axiale (X1) de l'arbre rotatif (37)
par rapport au boitier de piéce d’engrenage
d’entrainement (27) ;

un boitier de mécanisme de transmission (22)
qui renferme un mécanisme de transmission
(19) servant a transmettre de la puissance du
moteur électrique (18) a un mécanisme de di-
rection (4), le boitier adjacent (27, 28 ; 35A)
comprenantun boitier (27, 28) placé dans le boi-
tier de mécanisme de transmission (22) ; le mé-
canisme de transmission (19) comprenant un
organe d’entrainement (20) et un organe entrai-
né (21) qui est entrainé par I'organe d’entraine-
ment (20), le boitier de mécanisme de transmis-
sion (22) comprenant un boitier d’organe entrai-
né cylindrique (28) qui renferme I'organe entrai-
né (21) ; et

un organe de conduction de chaleur (96 ; 96A ;
96B), I'organe de conduction de chaleur (96 ;
96A ; 96B) comprenant une section proche de
conduction de chaleur (97) a proximité immé-
diate de I'’élément de génération de chaleur (83)
dans le dispositif de commande (12) et une pre-
miére section raccordée de conduction de cha-
leur (99) qui est raccordée au boitier de piece
d’engrenage d’entrainement (27) du boitier
adjacent ;

caractérisé en ce que

I'organe de conduction de chaleur (96) com-
prend une deuxiéme section raccordée de con-
duction de chaleur (98 ; 98A ; 98B) qui est rac-
cordée au boitier de piece d’engrenage entrai-
née (28) du boitier adjacent, de telle sorte que
la deuxieme section raccordée de conduction
de chaleur (98 ; 98A ; 98B) dans l'organe de
conduction de chaleur (96 ; 96A ; 96B) soit si-
tuée le long d’'une surface périphérique extérieu-
re (28a) du boitier d’organe entrainé cylindrique
(28).

Appareil de direction de véhicule (1) selon la reven-
dication 1, dans lequel le boitier de commande (H)
comprend des premiére et deuxiéme surfaces de
paroi intérieure (101, 102) qui sont face a face dans
une direction axiale (X1) d'un arbre rotatif (37) dans
le moteur électrique (18),

les premiére et deuxiéme surfaces de paroi intérieu-
re (101, 102) délimitent partiellement le comparti-
ment de logement (100),

la premiére surface de paroi intérieure (101) est dis-
posée relativement plus prés du moteur électrique
(18), et ladeuxiéme surface de paroi intérieure (102)
est disposée relativement plus loin du moteur élec-
trique (18),
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I'élément de génération de chaleur (83) dans le dis-
positif de commande (12) est installé sur un substrat
d’alimentation (78) fixé a la deuxieme surface de pa-
roi intérieure (102) de maniére a permettre une con-
duction de chaleur, et

la section proche (97) dans I'organe de conduction
de chaleur (9B ; 96A ; 96B) est raccordée a un dis-
sipateur thermique (123) raccordé a la deuxieme
surface de paroi intérieure (102) de maniere a per-
mettre une conduction de chaleur.

Appareil de direction de véhicule (1) selon la reven-
dication 1 ou 2, comprenant en outre

un capteur de détection d’état de direction (11) ser-
vant a détecter un état de direction,

dans lequel le boitier adjacent (27, 28 ; 35A) com-
prend un boitier de capteur (35A) qui renferme le
capteur de détection d’état de direction (11).

Appareil de direction de véhicule (1) selon la reven-
dication 3, dans lequel une partie (24A) du boitier de
commande (H) et le boitier de capteur (35A) sont
réalisés d’un seul tenant en un seul matériau.

Appareil de direction de véhicule (1) selon 'une quel-
conque des revendications 1 a 4, dans lequel

au moins une partie de I'organe de conduction de
chaleur (96 ; 96A ; 96B) est disposée entre le boitier
de commande (H) et le boitier adjacent (27, 28 ;
35A).

Appareil de direction de véhicule (1) selon 'une quel-
conque des revendications 1 a 5, dans lequel

le dispositif de commande (12) est disposé autour
d’'un axe central (C1) de l'arbre rotatif (37) dans le
moteur électrique (18) ou d’'un prolongement (C2)
de l'axe central (C1).

Appareil de direction de véhicule (1) selon 'une quel-
conque des revendications 1 a 6, dans lequel
I'organe de conduction de chaleur (96 ; 96A ; 96B)
comprend un organe qui s’étend sur une longueur
prédéterminée L vers le boitier adjacent (27, 28 ;
35A) a partir du boitier de commande (H), et
sachant que A estla section transversale de 'organe
s’étendant sur la longueur prédéterminée L, p est le
coefficient de conductivité thermique de l'organe
s’étendant sur la longueur prédéterminée L, et B est
la perte moyenne de I’élément de génération de cha-
leur, 'équation suivante est vérifiée :

(A%L) < (1/p) - B

Appareil de direction de véhicule (1) selon la reven-
dication 1, dans lequel le boitier de commande (H)
comprend des premiére et deuxiéme surfaces de
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paroi intérieure (101, 102) qui délimitent partielle-
ment le compartiment de logement (100), la deuxie-
me surface de paroi intérieure (102) étant disposée
relativement plus loin du moteur électrique (18) que
la premiere surface de paroi intérieure (101),

une section de siége (103) étant formée sur la
deuxiéme surface de paroi intérieure (102),

un substrat (78) étant regu par la section de siege
(103),

I'élément de génération de chaleur (83) étantinstallé
sur le substrat (78), et

une surface de prolongement (P1) de la section de
siege (103) étant en contact ou croisant une surface
cylindrique (P2) constituée d’une partie principale
d’une surface périphérique extérieure (28a) du boi-
tier de pieéce d’engrenage entrainée (28).
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